Rhizobiumfredii is a fast-growing rhizobium isolated from the primitive Chinese soybean cultivar Peking and from the wild soybean Glycine soja. This rhizobium harbors nif genes on 150-to 200-megadalton plasmids. By passage on acridine orange plates, we obtained a mutant of R. fredii USDA 206 cured of the 197-megadalton plasmid (USDA 206C) which carries both nif and nod genes. This strain, however, has retained its symbiotic effectiveness. Probing EcoRI digests of wild-type and cured plasmid DNA with a 2.2-kilobase nif DH fragment from Rhizobium meliloti has shown four homologous fragments in the wild-type strain (4.2, 4.9, 10, and 11 kilobases) and two fragments in the cured strain (4.2 and 10 kilobases). EcoRI digests of total DNA show four major bands of homology (4.2, 4.9, 5.8, and 13 kilobases) in both the wild-type and cured strains. The presence of major bands of homology in the total DNA not present in the plasmid DNA indicated chromosomal nif genes. Probing of Hindlll digests of total and plasmid DNA led to the same conclusion. Hybridization to the smaller plasmids of USDA 206 and USDA 206C showed the presence of nif genes on at least one of these plasmids, explaining the nif homology in the USDA 206C plasmid digests.
Soybeans are typically nodulated by the slow-growing symbiotic bacterium Bradyrhizobium japonicum. Many members of this species harbor high-molecular-weight plasmids (16) . Unlike the plasmids of the fast-growing (8, 9, 12, (19) (20) (21) rhizobia, probing of B. japonicum plasmids have not shown detectable nitrogen fixation (nij) genes (16) .
A group of fast-growing strains from the People's Republic of China have been identified which nodulate soybeans (11) but only form effective symbioses with Glycine soja and Glycine max cv. Peking. All members of the group, recently classified as Rhizobium fredii (23) , harbor high-molecularweight plasmids, and most strains have been shown to carry nif genes on a plasmid (16) . The single exception is USDA 194; its nif genes are presumed to be chromnosomally borne (16) .
Strain USDA 206 harbors three plasmids of 54, 60, and 197 megadaltons (MDa) (16) . Masterson et al. (16) and Broughton et al. (2) have shown that USDA 206 carries nif and nod genes on the 197-MDa plasmid. Sadowsky and Bohlool (22) have reported the loss of nodulating ability after curing of the 192-MDa plasmid of the closely related strain USDA 205.
However, this plasmid hybridizes neither nifnor nod (2, 16 Plasmid curing and screening. Plasmid curing was done with 50 ,ug of acridine orange (30) per ml in YEM (yeastextract-mannitol) (27) agar plates. Up to three passages on fresh acridine plates were made, followed by colony purification (13) . The resulting isolates were grown in TY (1) medium and screened for loss of plasmid DNA by the techniques of Casse et al. (4) , Kado and Liu (10) , and a modification of the technique of Eckhardt (6) . The following modifications were used in the Eckhardt protocol. Cells collected from 0.2 ml of an overnight 1-ml culture were washed in sodium n-lauroyl sarcosine and then suspended in 25 RI of 20% Ficoll. The cell suspension was layered over 50 RI of 10% Ficoll-20% sodium dodecyl sulfate in a well of a vertical 0.7% agarose gel. A 50-pA overlay of 5% Ficoll-2% sodium dodecyl sulfate was added, and the wells were sealed with 0.5% agarose. After incubation for 45 min to lyse cells completely, electrophoresis was carried out for 16 h at 80 V in 90 mM Tris-borate-2.5 mM EDTA (pH 8.2).
The cured derivative (USDA 206C) was screened for loss of 10 antibiotic resistances found in the wild-type strain.
Susceptibility disks (Difco) were used on agar spread plates. The growth rate of the cured strain, measured by optical density at 650 nm, was compared to that of the wild-type in YEM (27) broth and TY (1) broth.
Plant tests. USDA 206C was tested on plants for symbiotic effectiveness with two hosts. Macroptilium atropurpureum (siratro) was grown in sterile 150-ml plastic bottles containing vermiculite. G. max cv. Peking was grown in modified jar assemblies based on those of Leonard (14) containing a 1:1 mixture of sand and vermiculite. Bond plant media (3) served as the nutrient source for both types of plants. Acetylene reduction assays were performed on soybean roots by the method of Sloger (24) . To infecting rhizobia, bacteria were isolated from nodules (26, 27) and screened for the appropriate plasmid profile (4) .
Isolation of plasmid and total DNA. Bacterial cells used for isolation of plasmid and total DNA were grown in TY (1) broth. Preparative plasmid isolation was done by using the large-scale isolation procedure of Casse et al. (4) , with two modifications. Cells were washed with 0.1% sodium nlauroyl sarcosine, and two phenol extractions were used instead of one. The recombinant plasmid pRmR2, carrying the nifD and H genes of Rhizobium meliloti, was isolated by the method of Norgard (18) . Total DNA was isolated by the procedure of Glisin et al. (7) .
Restriction enzyme analysis of plasmid and total DNA. Total DNA or plasmid DNA was digested with EcoRI, HindIII, or XhoI restriction enzymes. Digestion protocols were those of the vendor, Bethesda Research Laboratories. Digestions were performed overnight with a fivefold excess of enzyme to ensure complete digestion of DNA. Electrophoresis was carried out in 1% agarose gels in TAE (40 mM Tris, 5 mM sodium acetate, 1 (Fig. 2) , XhoI, and HindIlI. Plasmid DNAs of USDA 206 and USDA 206C were digested with EcoRI ( Fig. 2) and HindlIl. Similar digestion patterns were obtained for USDA 206 and USDA 206C in both total and plasmid DNA digests. In plasmid DNA digests the inability to easily identify missing fragments, corresponding to the absence of the 197-MDa plasmid in USDA 206C, is probably a result of the low recovery of this plasmid relative to the two smaller plasmids.
Hybridization to restriction enzyme digests of plasmid and total DNA. In contrast to the hybridization data of Figure 3 shows EcoRI-digested total DNA from USDA 206C and EcoRI-digested plasmid DNA from USDA 206 and USDA 206C. Four major bands (13, 5.8, 4 .9, and 4.2 kb) of hybridization were detected in total DNA of USDA 206C. On longer exposure additional minor bands were also detected. Similar results were obtained for USDA 206. EcoRI digests of plasmid DNA revealed four bands of nif DH homology (11, 10, 4.9 , and 4.2 kb) in USDA 206 and two bands (10 and 4.2 kb) in USDA 206C. Sizes of total and plasmid DNA HindIII fragments with nifDH homology were determined. Five fragments of homology occur in total DNA from USDA 206 (16, 14, 9, 6 , and 5 kb), whereas three fragments (16, 14 , and 9 kb) are found in the cured strain. HindIll digests of wild-type plasmid DNA contain homologous fragments of 9, 6, and 5 kb, whereas the cured strain contains only the 9-kb fragment.
DISCUSSION
The nifDH homology data show fragments of homology in the total DNA digests which are not present in the plasmid DNA digests. This result indicates both a chromosome and plasmid location for nif genes. This is substantiated by the fact that loss of nif gene copies after curing of the 197-MDa plasmid of USDA 206 does not result in a nif phenotype. Multiple plasmid-borne nif gene copies have been demonstrated in R. fredii strains USDA 193 and USDA 205 (20) . However, a plasmid and chromosome location for nif genes has not previously been shown in R. fredii. In both HindIll and EcoRI plasmid DNA digests, two bands of nif DH homology which are present in USDA 206 are not present in USDA 206C. The missing bands indicate a probable loss of at least two nif gene copies in USDA 206C. The nitrogenfixing ability of USDA 206C after the loss of the nif genes may indicate the presence of more than one set of functional nif genes (17 (17) found both a reduction in nodulation and nitrogen fixation occurred after curing. This is evidence for the functionality of the plasmid-borne nif and nod genes.
In R. fredii USDA 206, nif genes are now thought to be present on the chromosome, the 197-MDa plasmid, and one or both of the smaller plasmids. It is, therefore, possible that nif genes are located on a transposable element, allowing duplication to different locations in the genome of R. fredii.
